1. Introduction
===============

Studies have shown that drugs with a capability of returning hemostat glutamate have been known as potential remedies of cocaine-dependence ([@b1-epj-09-4862]--[@b3-epj-09-4862]). Topiramate (TPM) is a kind of anticonvulsant drug which, in 1996, was suggested by the FDA as a curing drug of adults' convulsions and can have a significant role in neurological and psychiatric disorders. Topiramate facilitates gamma amino butyric acid (GABA) transference and prevents glutamates transference, where this process can reduce the cocaine reinforcing effect, and can be used in management of cocaine reliance ([@b4-epj-09-4862]). This drug increases central surfaces of GABA and potential acts of its absorbers, and is an antagonist attractor of AMPA in glycine. Topiramate reduces the presynaptic secretion of glutamate ([@b5-epj-09-4862]). There is an assumption that convulsion can be accounted as a running mechanism in addiction. Therefore, anticonvulsant drugs are counted as suitable candidates for intervention in the addiction domain of cocaine reliance ([@b6-epj-09-4862]). Although the research findings of efficacy of this drug remedy are contradictive, topiramate is an ideal candidate to increase avoidance in cocaine users ([@b7-epj-09-4862]). In an introductory study over men relying on cocaine, topiramate increased the avoidance period for twice the time the placebo did ([@b8-epj-09-4862]). Despite the efficacy of topiramate in reducing cocaine usage, this drug had most application in multi-users of methadone-cocaine. Also, this drug has its own usages for other misused narcotics like reporting of hopeful results of decrease in alcohol use ([@b9-epj-09-4862]--[@b11-epj-09-4862]), decreasing the extent of returning to alcohol usage after toxic removal ([@b12-epj-09-4862]), improving quitting smoking in men ([@b13-epj-09-4862]), curing of chronic pain ([@b14-epj-09-4862]), aggression ([@b15-epj-09-4862]--[@b17-epj-09-4862]) and obsession disorder ([@b18-epj-09-4862]). In a randomly controlled and closed experiment over cocaine and alcohol users, 20 percent of those participants that used 300 milligrams of topiramate daily, during the last three weeks showed cocaine avoidance in comparison to the 7 percent who received placebo ([@b19-epj-09-4862]). In another controlled study, significant efficacy of using 300 milligrams of topiramate daily in remedy of cocaine reliance was observed. In this study topiramate users showed 16.6 % cocaine avoidance against 5.8 % cocaine avoidance of placebo users ([@b20-epj-09-4862]).

In comparison studies, we also observed the efficacy of this drug in studies over animals. Topiramate in mice caused reduction of ethanol usage in a selection test of two bottles ([@b21-epj-09-4862]), decrease of alcohol intake ([@b22-epj-09-4862]), and reduction in signs of avoidance after remedy of chronic ethanol ([@b23-epj-09-4862]). However, some of the studies state the inefficacy or little efficacy of this drug. In a study of Ambridge et al. ([@b23-epj-09-4862]) topiramate didn't have any significant difference in reducing cocaine usage in methadone-cocaine combined users in comparison to placebo. In another study, prescription of 200 milligrams of topiramate daily, failed in increasing the avoidance period of methamphetamine; however, in a secondary analysis, the average level of meth of urine in a sample of topiramate group showed significant reduction ([@b24-epj-09-4862]). Also, this drug has been used for reduction of cocaine craving. In a study of Reis et al. ([@b63-epj-09-4862]), topiramate could reduce avidity intensity and usage period during the out-patience remedy of cocaine users. Kampman et al. ([@b8-epj-09-4862]) showed topiramate could increase the period of cocaine avoidance in comparison to the placebo group. One of the modern therapies with approved and tested clinical efficacy in the realm of drug abuse is contingency management (CM) therapy. Theoretical foundation of this remedy has a behaviorist basis and relies on conditioning the subject. Conditional management remedy, shapes behavior in form of using secondary positive boosters such as coupons, goods and services. In order to obtain useful remedial response, most of the reinforcement programs change during the management period ([@b25-epj-09-4862]). Contingency management is highly supported by clinical experiments ([@b26-epj-09-4862], [@b27-epj-09-4862]) and is successfully applied to a wide range of behavior such as adherence to therapy, losing weight and quitting smoking ([@b28-epj-09-4862]--[@b31-epj-09-4862]). Also, the researchers used this approach to improve behavioral objectives in many various communities ([@b32-epj-09-4862]--[@b34-epj-09-4862]). One of the most applicable domains of conditional management remedy is the domain of drug abuse where it has been explored greatly, and its advantage with a wide range of drugs (stimulants, alcohol, marijuana, tobacco) in various occasions (bedridden, outpatient inspection) has been approved ([@b26-epj-09-4862], [@b33-epj-09-4862]--[@b36-epj-09-4862]). One of the positive points of contingency management is its capability of focusing on the behavior of a specific target ([@b32-epj-09-4862], [@b37-epj-09-4862]--[@b39-epj-09-4862]). In contrast, for the weak points of contingency management, we can refer to ignorance of target behavior in conditions when the reinforcement does not continue for a long time ([@b40-epj-09-4862], [@b41-epj-09-4862]). According to the research literature, the remedial period of conditional management varies from 5 days ([@b42-epj-09-4862]) to 2 or 3 years ([@b41-epj-09-4862]). Furthermore the efficacy of contingency management approach for avoidance of wide range of drugs including benzodiazepines ([@b43-epj-09-4862]), nicotine ([@b44-epj-09-4862]), opioids ([@b45-epj-09-4862], [@b46-epj-09-4862]), marijuana ([@b47-epj-09-4862], [@b48-epj-09-4862]) and methamphetamines ([@b49-epj-09-4862], [@b50-epj-09-4862]) has been shown. CM has shown many times its usefulness in usage reduction of cocaine: therefore, we intend in this study, to explore the efficacy of the respective remedy on reduction of avid usage of cocaine in form of a controlled clinical experiment. Hence, we intend to study the effectiveness of the topiramate treatment, contingency management and combination of these two treatment groups compared to the placebo.

2. Material and Methods
=======================

2.1. Trial design and participants
----------------------------------

This study was a randomized clinical trial that was conducted from December 15, 2014 to November 20, 2015. This randomized clinical trial was conducted at Bijan Center for Substance Abuse Treatment in Tehran, Iran. The population of this study included the entire cocaine-dependent males during abstinence who were residents of Tehran, Iran. In conducting this study, one doctor, one psychiatrist, one clinical psychologist and one nurse cooperated. The data of this research were collected by using clinical interviews and self-reported questionnaires.

2.2. Selection criteria
-----------------------

The inclusion criteria for participation in this study were: 1) having the respective age between 18 and 31, 2) history of one month of cocaine avoidance, and 3) having at least the educational level of a high school diploma. Also, the exclusion criteria were: 1) report of positive urine test during remedial period, 2) taking supplementary drug and psychological remedies, and 3) three continuous weeks of absence from participation in remedial meetings.

2.3. Interventions
------------------

One hundred and nine (n=109) men were selected from among the population based on voluntary participation. After informed consent was obtained, 100 participants were randomly divided and assigned into four groups (each group 25 persons), group 1, (topiramate), 2, (contingency management) 3, (the combination of Topiramate and contingency management) and 4, (placebo control). In addition, all subjects received brief behavioral compliance enhancement treatment (BBCET). All the topiramate capsules together with monohydrate lactose powder were provided less than sixty days before usage. Lactose was combined with 5 PPM denatonium benzoate to assimilate the bitter taste of all the capsules (similar to placebo). Both types of capsules were opaque and were of the same size of 550 milligrams. The 200 milligrams base dose topiramate was used in this study with regard to rear side effects of dosage of lower than 400 milligrams per day reported of this drug in clinical studies. Topiramate dosage was increased every third day until half of the remedy and the daily usage was divided into two dosages of morning and afternoon. The urine test band was randomly used to study cocaine metabolite in the first four weeks in the form of two weekly evaluations and after that, once every fifteen days. The validity of the samples was controlled by studying urine temperature, creatinine and PH and threshold of 300 Nano grams per milliliter was used for the urine analysis. Participants in the Cash-Based CM Condition had an identical 12-week escalating schedule of reinforcement. For groups, a specially designed computer program was utilized to maintain a record of all participants' urine results and the earned rewards. Prizes were exchanged with the aim of exchange of goods, services and improvement of social and sound behavior ([@b25-epj-09-4862]). The values of boosters in this study were three thousand, fifteen thousand and thirty thousand (about 1, 5 and 10 dollars respectively). Payments in this program were at most, 550 dollars (to each group), and were similar to other remedial programs ([@b51-epj-09-4862], [@b52-epj-09-4862]). The total cost of boosters during the period of three month was 1,200 dollars. The urine test band was used to investigate cocaine metabolite over four weeks in the form of two weekly evaluations and then used randomly one time every fifteen days, and the validity of the samples controlled by studying urine temperature, creatinine and PH and the threshold of 300 Nano grams in milliliter was considered for urine analysis. For negative urine samples (urine shortage of cocaine) a coupon was specified. Rewards for negative urine test of metabolite cocaine in the first sample was 1 dollar, for the second sample was 3 dollars, and for the third negative test was considered 5 dollars and in the next stages 1.25 dollars was added to the reward value, which after the urine negative test report, was given to the participants. Coupons began as one dollar for each urine sample without stimulant and increased at most, to 20 dollars. The inspections of subject urines were done two days per week from 10 a.m. to 6 p.m. After inspection of tests, participants were motivated to continue to take part in the study by email. All of the participants signed a contract in terms of expectations of remedial program ([@b27-epj-09-4862]). Also, urine samples were taken from the control group during the remedy to make sure the commitment of subjects to usage avoidance, but no coupons were devoted to them. After a passage of twelve remedial sessions, all the participants of the study for the second time, but this time in form of a posttest, were evaluated through the questionnaire of cocaine avid usage.

2.4. Outcomes
-------------

The primary outcomes of our analyses were the twelve weekly urine drug screens (detection of benzoylecgonine). Also, the secondary outcomes from the analyses were the cocaine craving.

2.5. Sample size
----------------

The sample size was calculated to be 100 subjects. In this study, with regard to one-way direction of hypothesis and assumption of Z=1.645, d=0.2, *α* =0.05 and also power of test 1- *β*=0.84.

2.6. Randomization and blinding
-------------------------------

In this clinical trial, in the first step, 109 participants registered for participation in the study. Some time after the beginning of the study (between third week and ninth week), nine persons were removed from the study because of many reasons such as absence from remedial sessions and report of positive urine test. 100 participants were randomized to three groups (25 persons in each group) of experimental and one control group through IBM SPSS Statistics Version 20 (IBM Corp., Armonk, NY, USA) (random number generation).

2.7. Statistical methods
------------------------

Data analysis was conducted using IBM© SPSS© Statistics version 20 (IBM© Corp., Armonk, NY, USA). We used descriptive statistics, Chi square, ANCOVA Univariate Model and Scheffe's post hoc to analyze the primary and secondary outcomes. Also, before performing the statistical analyses, the normality of the variables' distribution was examined using the K-S test. Moreover, the qualitative data, resulted from demographic evaluations, were coded and analyzed by instrument of analysis of qualitative data i.e. Atlas.ti, Version 5.2.

2.8. Research ethics
--------------------

In this study, the informed consent in their native language (Persian) was obtained prior to the study without coercion, threat, enticement and seduction and their decision to refuse or accept participation in the study were respected. It was also stated that the research methods do not contradict with the religious and cultural principles of the participants, and the participants were respected in all stages of design, implementation and reporting in terms of human dignity, respect and protection of their physical and mental integrity, so that conducting the research would not delay the process of medical care for the participants.

2.9. Instruments and tests
--------------------------

In this study, structured clinical interview, demographic researcher-made questionnaire, Cocaine Craving Questionnaire and Urine sample test were used.

### 2.9.1. Structured clinical interview for disorders (SCID)

It is a clinical interview which is used for distinguishing axis-one disorders based on DSM-IV. The final coefficient for measures of SCID was reported as 0.60 ([@b53-epj-09-4862]). The identification agreement of this instrument in Persian language was useful for most of the special and general determinations, with reliability of higher than 0.60. Copa coefficient for all current determinations and determination of lifetime were 0.52 and 0.55 respectively ([@b54-epj-09-4862]).

### 2.9.2. Demographic questionnaire

It is made by the researcher with the aim of applying and collecting individual information such as age, education, marriage status, employment and the period of drug usage.

### 2.9.3. Cocaine Craving Questionnaire

It was designed by Tiffany et al. ([@b55-epj-09-4862]) The abridged version of it includes 10 statements that its psychometric features were investigated by Sussner et al. ([@b56-epj-09-4862]) on a sample including 247 cocaine users. The correlation of this index with Beck's depression index 0.39, anxiety index 0.35 and with recent use of drugs, 0.26 was reported. Also, the correlation of abridged form with original form of questionnaire was estimated at 0.85 and the internal reliability of this measure according to Corn Bache alpha was estimated 0.90.

### 2.9.4. Urine sample test

Twelve weekly urine tests were taken by the addiction kit (cocaine).

3. Results
==========

[Table 1](#t1-epj-09-4862){ref-type="table"} shows the demographic state of the participants of the study. Most of the subjects have an educational level higher than Diploma (topiramate: 64%, contingency management: 64%, mix: 52%, control: 64%). Regarding the age index, most of the participants have the age index of older than 25 (topiramate: 52%, contingency management: 64%, mix: 52%, control: 72%). Distribution of participants in employment status index revealed that most of the subjects (topiramate: 52%, contingency management: 60%, mix: 56%, control: 52%) were employed. With regard to financial status too, most of the participants in four groups have an income of lower than 200 dollars per month (topiramate: 84%, contingency management: 68%, mix: 60%, control: 72%). According to [Table 2](#t2-epj-09-4862){ref-type="table"}, the calculation of Leven statistics to study the equality of the respective variances, represents the lack of meaningfulness of this index. Therefore, use of statistical covariance analysis to compare two groups is possible. On the other hand, the results of independent t-test represent lack of meaningfulness of the scores of control and experimental groups in pretest stage. In [Table 3](#t3-epj-09-4862){ref-type="table"}, the mean and standard deviation of scores of cocaine craving is shown. The mean (95% CI) scores of craving was 12.04 (8.25--15.79, p = 0.05) with TPM, 13.89 (10.48--17.3, p = 0.05) with CM, 10.92 (3.19--16.03, p=0.01) with mix and 16.89 (11.03--21.95) with control. Based on the results of covariance analysis test, between the average of posttests of groups, a significant difference was observed (F=13.571, p\<0.01). The Scheffe's post hoc test was used in order to compare the groups in terms of the mean scores of the craving index. The results showed that all three types of treatment played a significant efficacy in reducing the craving. Moreover, the highest variance explaining the changes in craving was assigned to the combined treatment (p\<0.01).

4. Discussion
=============

The present study aimed to evaluate and compare three medication methods of Topiramate (TPM), Contingency Management (CM) and the Combined Method on the index of craving in cocaine-dependent patients in abstinence phase. The results of the present study showed that all three types of treatment played a significant efficacy in reducing the craving. Moreover, the highest variance explaining the changes in craving was assigned to the combined treatment. Hence, we intend to study the effectiveness of the topiramate treatment, contingency management and combination of these two treatments groups compared to the placebo. Moreover, most of the variance explaining the changes in craving was assigned to combination therapy. The findings are consistent with the findings of a number of previous studies. In a Johnson et al. ([@b20-epj-09-4862]) study, prescription of 300 milligram topiramate per day was reported effective in remedy of cocaine reliance. Also prescription of 200 milligrams of topiramate per day significantly decreased the met-amphetamine level of urine ([@b24-epj-09-4862]). In a meta-analysis of five studies of which four of them were done with placebo and one without placebo, the respective effects of topiramate were compared. In two studies of five studies, topiramate had significant efficacy in regular avoidance duration index. Also in one of the five studies, topiramate had significant efficacy on reduction of cocaine craving ([@b57-epj-09-4862]). On the other hand, findings of some of the comparative studies represented the efficacy of topiramate in alcohol usage. The efficacy of topiramate represented in ethanol usage both in mice which were selected based on above usage and in trained mice ([@b58-epj-09-4862]--[@b60-epj-09-4862]). It must be noted that some of the research findings contradicted with finding of this study, confirm the inefficacy of this drug in treatment of addiction, for example, in a meta-analysis ([@b61-epj-09-4862]), no definite results were observed regarding the efficacy of topiramate in remedy of cocaine, amphetamine, cannabis and nicotine. However, the efficacy of the above remedy in curing of calcium and bulimia nervosa was reported. In a study ([@b62-epj-09-4862]), the effect of topiramate with and without behaviorist intervention was investigated in people who relied on cocaine. The results showed that remedy with topiramate has limited capability in cocaine users and also the extent of remedy acceptation and commitment to remedy was low in respective people. In another study, topiramate failed to induce avoidance in methamphetamine users, but had significant efficacy in decreasing the extent of stumbling in quitting people ([@b24-epj-09-4862]). On the other hand, in a meta-analysis, no significant difference was observed between anticonvulsant topiramate and placebo. The literature review shows that topiramate reduces avid usage in cocaine users ([@b63-epj-09-4862]). Through a super analysis during 1991 to 2004, Lussier et al. ([@b34-epj-09-4862]) showed that use of CM had been significantly effective in reducing the drug usage. Prendergast et al. ([@b33-epj-09-4862]) considered CM effective in the domain of drug abuse. On the other hand, in a study of Kirby et al. ([@b64-epj-09-4862]), CM caused drug avoidance in cocaine users but sustaining this avoidance after enough remedy was not reported. In another study, Festinger et al. ([@b65-epj-09-4862]) investigated the efficacy of CM in the extent of avid usage in people dependent on cocaine and reported this efficacy as positive. In another study, Preston et al. ([@b66-epj-09-4862]) reported that contingency management remedy could reduce avid heroine usage. In a study by Pirnia et al. ([@b67-epj-09-4862]), contingency management was associated with reduction of usage craving in cocaine-dependent individuals in abstinence. On the other hand, part of the results of this study showed that combining the two methods of topiramate treatment and contingency management had significant efficacy in reducing the craving for cocaine. Although no similar study was found in this regard in the PUBMED database,, there have been several studies to examine the efficacy of the combination of the pharmacological and psychological treatment. In the study conducted by Kim and Lawrence ([@b68-epj-09-4862]), the efficacy of topiramate in the treatment of cocaine dependence was reported close to the effectiveness of cognitive behavioral therapy, and the integration of both treatments was suggested to enhance abstinence. In a study by Poling et al. ([@b69-epj-09-4862]), a combination of contingency management and Bupropion were studied. The results showed that the combination of two treatments had better efficacy than the Buprenorphine treatment alone. This study had some limitations. The most important limitations were as follow: 1) the cross-sectional nature of the study, limits the overall conclusion and comprehensive forecast; and 2) using a self-report assessment in sensitive subjects often causes to create a favorable social image and causes the bias to appear. In order to conduct more accurate assessments, it is recommended that neuropsychological tools are used in addition to the questionnaires. It is recommended that a same sample of females should be used in future studies, an indication that its assessment was not possible in the present study.

5. Conclusions
==============

The study is an experimental and independent research in the area. The population of this study included entirely cocaine-dependent males in the abstinence phase. The results showed that all three types of treatment played a significant efficacy in reducing the craving. Moreover, the highest variance explaining the changes in craving was assigned to the combined treatment. Hence, we intend to study the effectiveness of the topiramate treatment, contingency management and combination of these two treatment groups compared to the placebo. These findings could offer hope to evoke a therapeutic approach and will be promising for medical and behavioral science.
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###### 

Demographic characteristics of the participants

  Variable                       Index                    TPM; n (%)   CM; n (%)   MIX; n (%)   Control; n (%)
  ------------------------------ ------------------------ ------------ ----------- ------------ ----------------
  Education level                \< High school diploma   9 (36)       11 (44)     12 (48)      9 (36)
  \> High school diploma         16 (64)                  14 (56)      13 (52)     16 (64)      
  Age (year)                     18--25                   12 (48)      9 (36)      12 (48)      7 (28)
  \>25                           13 (52)                  16 (64)      13 (52)     18 (72)      
  Employment status              Employed                 13 (52)      15 (60)     14 (56)      13 (52)
  Unemployed                     12 (48)                  10 (40)      11 (44)     12 (48)      
  Monthly income (U.S. dollar)   \<200                    21 (48)      17 (68)     15 (60)      13 (52)
  \>200                          4 (16)                   8 (32)       10 (40)     12 (48)      

###### 

Variance equality test about research variables

  Group     Levene's test   Sig.
  --------- --------------- -------
  TPM       0.589           0.764
  CM        0.668           0.326
  MIX       0.484           0.260
  CONTROL   0.561           0.786

###### 

The Mean and Standard deviation

  Group     Pretest; mean (SD)   Posttest; mean (SD)
  --------- -------------------- ---------------------
  TPM       14.84 (3.12)         12.04 (2.29)
  CM        13.90 (2.83)         13.89 (2.08)
  MIX       15.81 (2.03)         10.92 (3.12)
  Control   17.31 (3.49)         16.89 (3.09)
